Abstract Thirty Coupled Model Intercomparison Project phase 5 (CMIP5) preindustrial simulations are examined to contrast impacts of the two types of El Niño on the U.S. winter temperatures. The CMIP5 models are found more capable of simulating the observed eastern Pacific (EP) El Niño impacts (a warm northeast, cold southwest pattern over the U.S.) but less capable of simulating the observed central Pacific (CP) El Niño impacts (a warm northwest, cold southeast pattern). During EP El Niño, sea surface temperature (SST) anomalies influence the Walker circulation giving rise to a basin-wide pattern of outgoing longwave radiation (OLR) anomalies. The modeled atmospheric responses to the EP El Niño are thus less sensitive to the detailed structure of the simulated SST anomalies and can be well simulated by most of the CMIP5 models. In contrast, the SST anomalies during the CP El Niño affect the strength of the Walker circulation less effectively than the EP El Niño. OLR anomalies are local, rather than basin wide. The modeled atmospheric responses to the CP El Niño therefore depend more on how realistically the CP El Niño SST anomalies are simulated in the models. As a result, the CP El Niño's impact on the U.S. winter temperature, controlled by the atmospheric wave train response to the OLR forcing, is less well simulated by the CMIP5 models. This conclusion is supported by an examination of the Pacific North American and tropical/Northern Hemisphere patterns produced by the CMIP5 models in response to the two types of El Niño.
Introduction
The impacts of El Niño on the United States (U.S.) climate have been extensively studied over the past few decades [e.g., Halpert, 1986, 1989; Kiladis and Diaz, 1989; Livezey et al., 1997; Dettinger et al., 1998; Mo and Higgins, 1998; Montroy et al., 1998; Cayan et al., 1999; Larkin and Harrison, 2005, and many others] . For the winter climate, El Niño's impact has traditionally been described as a north-south anomaly pattern with the winter being colder and wetter than normal in the southern U.S. and warmer and drier than normal in the northern U.S. This conventional view has been revised in recent years amid the increasing recognition that there exist different types or flavors of El Niño events [Larkin and Harrison, 2005; Ashok et al., 2007; Yu and Kao, 2007; Guan and Nigam, 2008; Kao and Yu, 2009; Kug et al., 2009] . Two particular types have been emphasized: an eastern Pacific (EP) type that has its sea surface temperature (SST) anomalies located off the South American coast and a central Pacific (CP) type that has the anomalies confined around the International Date Line [Yu and Kao, 2007; Kao and Yu, 2009] . Weng et al. [2009] , for example, noticed that EP El Niño events increase rainfall in the western U.S. by shifting the polar jet stream equatorward, while CP El Niño events increase the rainfall there by shifting the Intertropical Convergence Zone poleward. Mo [2010] contrasted the impacts of El Niño on air temperature and precipitation over the U.S. during the period 1915-1960 when the EP type dominated and the period 1962-2006 when the CP type became increasingly dominant. She noted that the EP El Niño produces a north-south contrast pattern in the U.S. winter temperature variations, while the CP El Niño produces an east-west contrast pattern. Yu and Zou [2013] showed that the CP El Niño enhances the typical drying effect of El Niño over the northern U.S. but weakens the wetting effect over the southern U.S. These and other recent studies [e.g., Sheffield et al., 2013; Xu et al., 2013; Liang et al., 2014] support the assertion that the EP and CP El Niño have different impacts on the U.S. climate. pattern on the U.S. winter temperature is rotated by 90°between these two types of El Niño. During the EP El Niño, warm surface air temperature anomalies appear in the northeastern U.S., while cold anomalies appear in the southwestern US. During the CP El Niño, the winter warm anomalies are located in the northwestern U.S. and the cold anomalies in the southeastern U.S. These contrasting impact patterns are close to those reported in the composite study of Mo [2010] but with some additional details in the spatial structures. Yu et al. [2012b] showed that these two impact patterns can be reproduced in the Center for Atmospheric Research (NCAR)'s Community Atmospheric Model (CAM) version 4 when the model was forced by the sea surface temperature anomalies representative of the two types of El Niño. Furthermore, Yu et al. [2012b] were able to show that these two impact patterns can be identified in individual CP and EP El Niño events observed during 1950-2010. Therefore, the different impact patterns reported by Yu et al. [2012b] between the two types of El Niño on U.S. winter temperature are robust. Both Mo [2010] and Yu et al. [2012b] linked the different impact patterns to different planetary wave train patterns in the extratropical atmosphere. They are consistent in showing that the CP El Niño is associated more with a positive phase of the Pacific North America (PNA) [Wallace and Gutzler, 1981] pattern, and the EP El Niño is associated more with a poleward propagating wave train that resembles the negative phase of tropical Northern Hemisphere (TNH) [Mo and Livezey, 1986] pattern. The PNA pattern is characterized by geopotential height anomalies that spread eastward and poleward from the tropical Pacific to Alaska and Canada and then reflect equatorward through the U.S. Yu et al. [2012b] showed that the PNA pattern over the U.S. domain consists of positive geopotential height anomalies over the northwest U.S. and negative geopotential height anomalies over the southeast U.S. during CP El Niño. A warm northwest, cold southeast impact pattern is thus produced in the U.S. winter during CP El Niño events. Associated with the TNH pattern, the EP El Niño events excite a wave train characterized by negative geopotential height anomalies over the southwest U.S. and positive geopotential height anomalies over the northeast U.S. This geopotential height anomaly pattern leads to a warm northeast, cold southwest pattern in the U.S. winter temperatures during the EP El Niño. Therefore, the extratropical atmosphere responds to the two types of El Niño with two distinct wave train patterns, which results in different impact patterns on the U.S. winter climate.
This study examines whether the Coupled Model Intercomparison Project phase 5 (CMIP5) models can simulate the different impacts of the two types of El Niño on the U.S. winter temperature. The model performance is expected to depend on two factors: (1) how well the two types of El Niño are simulated and (2) how realistically the model atmospheres respond to the different forcing produced by the two types of El Niño. In order to investigate these factors, we examine not only the tropical Pacific SST and U.S. winter temperature patterns associated with the two types of El Niño but also their associated outgoing longwave radiation (OLR) anomalies and atmospheric planetary wave trains. This paper is organized as follows: The data sets used in this study are described in section 2. The model simulations of the two types of El Niño are presented in section 3. The U.S. winter temperature responses to El Niño in the CMIP5 models are examined in section 4. Relations among SST, OLR, and U.S. air temperature are investigated in section 5. The modeled wave train patterns are compared to reanalysis results in section 6. A summary and discussion of the results follows in section 7.
Observational and CMIP 5 Model Data Sets
This study uses three observation/reanalysis data products: (1) the SST data from the National Oceanic and Atmospheric Administration (NOAA)'s Extended Reconstructed Sea Surface Temperature v3b data set [ Smith and Reynolds, 2003 ] with a 2°× 2°resolution, available from January 1854; (2) the near-surface air temperature and geopotential height data from the National Centers for Environmental Prediction-National Center for Atmospheric Research (NCEP-NCAR) Reanalysis [Kalnay et al., 1996] with a 2.5°× 2.5°resolution, available from January 1948; and (3) the NOAA interpolated OLR [Liebmann and Smith, 1996] We focus our analyses on the preindustrial simulations produced by 30 CMIP5 models (see Table 1 ). The length of the preindustrial simulations varies from model to model. Five hundred years of each simulation are analyzed in this study. We choose to analyze the preindustrial simulations because their integration lengths are longer than those of the historical simulations. The preindustrial simulations and historical simulations of CMIP5 (19th, 20th , and 21st century) have almost the same intensity ratios of CP/EP El Niño, although the historical simulations have slightly higher intensity [Kim and Yu, 2012] .
Following Yu et al. [2012b] , the anomalies associated with the two types of El Niño were identified by regressing the corresponding fields onto the EP and CP indices. The monthly values of the EP and CP indices were calculated separately by applying a regression-empirical orthogonal function (EOF) analysis [Kao and Yu, 2009; Yu and Kim, 2010] to both the observed and simulated SST anomalies. In this method, the SST anomalies regressed with the Niño1 + 2 (0°S-10°S, 80°W-90°W) SST index were considered as the influence from the EP El Niño and were removed before the EOF analysis was applied to identify the spatial pattern of the CP El Niño. Similarly, the SST anomalies regressed with the Niño4 (5°S-5°N, 160°E-150°W) index were considered as the influence from the CP El Niño and were removed before the EOF analysis was applied to identify the leading structure of the EP El Niño. The principal components of the leading EOF modes for the EP and CP El Niño represent the temporal variations of these two types of El Niño and are referred to as the EP index and the CP index, respectively. Figure 1 shows the SST anomaly patterns of the two types of El Niño identified by the regression-EOF method from the 30 CMIP5 models and the observations. Here the loading coefficients of each EOF mode have been scaled by the square root of their eigenvalues to reflect the standard deviation of the SST anomalies associated with the mode [Yu and Kim, 2010] . The intensity of the El Niño can therefore be quantified as the maximum value of the scaled loading coefficient. The figure shows that the simulated EP El Niños have positive SST anomalies in the eastern Pacific near the South American coast, with some variations in the intensity and central location of the anomalies. The simulated CP El Niños have positive SST anomalies located over a wider range of longitudes with varying intensities and areas covered. This is reflected in the values of the pattern correlations between the simulated and observed SST anomalies shown in Figure 2 for these two types of El Niño. For the EP El Niño, 26 models have pattern correlations larger than 0.8. For the CP El Niño, only 14 models have correlations larger than 0.8. Nevertheless, most of the CMIP5 models can reproduce the two types of El Niño with reasonable spatial structures. Almost all the models produce pattern correlations larger than 0.5 for the two types of El Niño. The pattern correlation of the multimodel mean is around 0.8 for both types of El Niño, and the spreads (defined by 1 standard deviation of the multimodel values) do not include pattern correlations smaller than 0.6. It is concluded that the two types of El Niño can be identified in the CMIP5 models.
Simulation of the Two Types of El Niño in CMIP5 Models

U.S. Winter Temperature Response to El Niño in CMIP5 Models
Following Yu et al. [2012b] , the U.S. winter (January-February-March: JFM) near-surface air temperature anomalies are regressed onto the EP and the CP indices for the preindustrial simulations and the observations. The regression coefficients are shown in Figures 3 and 4 . In the figures, only the model points that pass the 10% significance level using the Student's t test or the observational points that have values greater than 0.1 are plotted. For the observations, the regressions are characterized by a warm northeast, cold southwest pattern for the EP El Niño and a warm northwest, cold southeast pattern for the CP El Niño, as reported by Yu et al. [2012b] . As mentioned, these two contrasting patterns were confirmed by Yu et al. [2012b] by numerical experiments and case studies, and the differences in the patterns are robust. In Figures 3 and 4 , the regressed U.S. anomaly patterns from the CMIP5 models are arranged from the highest pattern correlation with the observed impact pattern to the lowest. The pattern correlations reflect the structure similarity between model and observed regression patterns. It is noticed from Figure 3 that the U.S. winter responses to the EP El Niño are reasonably simulated by most of the CMIP5 models. The pattern correlation for the "best" model (Community Earth System Model (CESM1-CAM5)) is as high as 0.81, and the pattern correlations are still very high for most of the lower ranked models. For example, the pattern correlation is still above 0.5 even for the nineteenth-ranked CMIP5 model. The warm northeast, cold southwest pattern can be seen in many of the CMIP5 models. However, the situation is quite different for the CP El Niño. As shown in Figure 4 , the pattern correlation drops below 0.5 quickly after the seventh-ranked model. The observed warm northwest, cold southeast pattern can only be found in the top few best models. In some of the CMIP5 models, the U.S. winter responses to the CP El Niño are even opposite from that observed (e.g., CCSM4 and CESM1-FASTCHEM). Figures 3 and 4 therefore indicate that the CMIP5 models are more capable of realistically simulating the U.S. winter temperature impact produced by the EP El Niño than the impact produced by the CP El Niño.
The different performances of the CMIP5 models in simulating the U.S. temperature responses to the two types of El Niño can be further demonstrated in Figure 5 , where the pattern correlations calculated between the simulated and the observed U.S. winter temperature anomaly regressions are ranked from the highest to the lowest values. Figure 5 shows that for the impact pattern produced by the EP El Niño, 19 of the 30 CMIP5 models produce pattern correlations larger than 0.5. Only 4 models produce negative pattern correlations. In contrast, for the impact pattern produced by the CP El Niño, only 7 out of the 30 models have pattern correlations larger than 0.5. Eleven CMIP5 models produce negative pattern correlations. The multimodel means and spreads shown in the figure also indicate that the impact simulation is more realistic for the EP El Niño than for the CP El Niño. In the next section, we will analyze why there exists such a difference in the model performance. It is necessary to mention that the pattern correlations calculated between the model and observations can be influenced by the uncertainties in the observed regression patterns and that the smaller mean pattern correlation for the CP El Niño may be partly due to larger uncertainties in the observed impact pattern of the CP El Niño. This possibility will have to be addressed when longer observational data sets become available.
Relationships Among SST, OLR, and U.S. Responses
Heating associated with deep convection is one key process by which El Niño influences the atmosphere. The intensity and location of deep convection can be represented by the OLR. The importance of using OLR anomalies to understand the atmospheric teleconnections from the tropics had been emphasized in many earlier studies [e.g., Heddinghaus and Krueger, 1981; Chan, 1983, 1985; Gruber and Krueger, 1984; Ardanuy and Kyle, 1986; Chiodi and Harrison, 2013] . In order to understand why it is relatively easier for the CMIP5 models to simulate the U.S. winter response to the EP El Niño than the response to the CP El Niño, we need to look into the OLR anomalies induced by the two types of El Niño and examine how well the OLR anomalies are simulated in CMIP5 models. For this purpose, we regressed OLR anomalies on the EP and CP indices. Due to the limited length of the OLR data set, the regression was conducted only for the period 1975-2010. To make sure that this OLR analysis can be used to explain the different U.S. impact patterns discussed in section 4 for the two types of El Niño, we repeated the same regression analyses for the U.S. winter impact pattern using this shorter period. Similar patterns (not shown) were obtained as those shown in Figures 3 and 4. Figure 6 shows that when regressed with the EP index, the negative OLR anomalies (i.e., enhanced deep convection) are observed to spread from the eastern equatorial Pacific to the central-western equatorial Pacific, covering almost the entire basin. Similar basin-wide OLR anomalies can be seen in many of the CMIP5 models (at least the first 20 models in the figure) . This can explain why many of the CMIP5 models are able to reasonably simulate the observed U.S. winter temperature response pattern to the EP El Niño. So why then do the real-world atmosphere and many of the CMIP5 models show similar basin-wide patterns of OLR anomalies in association with the EP El Niño? As shown in Figure 1a , the SST anomalies associated with the observed and simulated EP El Niño are confined mostly to the eastern Pacific, where the sinking branch of the Walker circulation resides. Therefore, positive SST anomalies associated with the EP El Niño can efficiently weaken the Walker circulation to give rise to remote OLR anomalies across the basin.
In contrast, the observed OLR anomalies regressed with the CP El Niño (Figure 7 ) do not show a basin-wide pattern. The observed OLR anomalies are confined locally in the western Pacific. This local, rather than basin-wide, response in the OLR can be explained from the SST anomaly structure of the CP El Niño. As shown in Figure 1b , the SST anomalies for this type of El Niño are located mostly in the central Pacific, which does not coincide with either the sinking or the rising branch of the Walker circulation. Likely as a result of this, the SST anomalies of the CP El Niño do not induce basin-wide OLR variations but only local OLR anomalies immediately to their west. In the CMIP5 models, the OLR anomalies regressed with their simulated CP El Niño indices are also found to be confined locally to the west of the SST anomalies (cf. Figure 7 and Figure 1b) . Due to the local nature of the anomalies, the OLR anomalies induced by the CP El Niño vary substantially from model to model in terms of their exact location and size/shape. For example, the location of the OLR response varies from around 150°E in the CMIP5 models shown in the first column of Figure 7 to around 150°W in the models shown in the second column of the figure. A study by Barsugli and Sardeshmukh [2002] has shown that the atmosphere is most sensitive to the SST anomalies located near and around the Niño4 region (between 150°W and 150°E), which is exactly the region where the CP El Niño-induced OLR anomalies are produced in the CMIP5 models. Errors in the OLR simulations in this region can more easily cause errors in the model simulations of the atmospheric response. This higher sensitivity of the atmosphere to the details of the El Niño-induced OLR anomalies can explain why it is more challenging for the CMIP5 models to simulate the U.S. winter temperature response to the CP El Niño. Several other studies [Simmons et al., 1983; Ting and Sardeshmukh, 1993; Johnson and Feldstein, 2010; Lin et al., 2010] have also pointed out that the atmosphere is most sensitive to forcing located near a nodal point at 120°E. Since the bulk of the OLR anomalies produced by the EP El Niño are located farther away from this point (see Figure 6 ), the atmospheric response to this type of El Niño is thus less sensitive to how well the OLR anomaly patterns are simulated by the CMIP5 models. This can also explain why the CMIP5 models are more capable of simulating the U.S. winter response to the EP El Niño.
We use Figure 8 to further support our suggestion that SST anomalies associated with the EP El Niño are more capable of weakening the Walker circulation than the SST anomalies associated with the CP El Niño. In this figure, the strength of the Walker circulation is represented by the 500 mb vertical velocity difference between the equatorial eastern (180°W-100°W) and western (100°E-150°E) regions of the Pacific Ocean, in units of Pa/s [Yu et al., 2012a] . By regressing the Walker circulation strength to the EP and CP indices and by calculating the difference between them, we find that the observed difference (the black bar in Figure 8 ) is negative, which means that the strength of the Walker circulation is reduced more by the EP El Niño than by the CP El Niño. This stronger weakening effect is simulated by 17 of the 30 CMIP5 models.
We also present a simple case study to further illustrate that the OLR responses largely, if not totally, depend on the location (i.e., EP/CP) of the El Niño SST anomalies. In this case study, we compare the OLR anomalies observed during the peak phases of the 1976 El Niño (in October) and the 2009 El Niño (in December). According to the "consensus El Niño methodology" presented by Yu et al. (Figures 9c and 9d) . However, the anomalies are more uniformly distributed across the basin There is no value for HadGEM2-CC due to its lack of 500 mb vertical velocity output.
for the 1976 event but largest over the central Pacific around 180°W for the 2009 event. This case study is more-or-less consistent with our suggestion that the structure of the OLR response during El Niño events can be affected by the location of El Niño.
The Planetary Wave Patterns During the Two Types of El Niño
Deep convective heating excites atmospheric Rossby waves that communicate El Niño influences to higherlatitude regions including the U.S. In the Northern Hemisphere, the first four leading rotated EOF modes of 500 mb geopotential height anomalies explain about 50% of the total variance during boreal winter [Mo and Livezey, 1986] . Two of them are relevant to the wave trains excited by the two types of El Niño: one represents the PNA pattern and the other represents the TNH pattern. The spatial structures of these two patterns in the positive phase are shown in Figure 10 by regressing 500 mb geopotential height anomalies separately on the PNA index and TNH index obtained from NOAA. The PNA pattern (Figure 10a ) has four major centers of action: (1) positive anomalies in the tropical central Pacific near Hawaii, (2) a deepened and southward displaced Aleutian low in the North Pacific, (3) positive anomalies in northwestern North America, and (4) negative anomalies in the southeast U.S. The TNH pattern (Figure 10b ) also has four centers: (1) positive geopotential height anomalies along the Pacific coast of North America, (2) positive anomalies extending from the Caribbean Sea to the North Atlantic Ocean, (3) negative anomalies in east-central Canada, and (4) weak negative anomalies in the tropical central Pacific.
The observed wave train patterns associated with the two types of El Niño are shown in Figure 11 , which were obtained by regressing the winter (JFM) 500 mb geopotential height anomalies from the NCEP-NCAR reanalysis onto the CP and EP indices separately. As shown, the anomalies regressed on the CP El Niño exhibit a pattern that is similar to the PNA pattern (cf. Figures 11a and 10a ). For the EP El Niño, its regressed anomaly pattern resembles most closely the negative phase of the TNH pattern (cf. Figures 11b and 10b) , although some discrepancies exist. Here we examine whether these two particular wave trains are also produced in the CMIP5 models for the two types of El Niño. Winter 500 mb geopotential height patterns are regressed with EP and CP indices for the 30 CMIP5 models (not shown). We then calculated the pattern correlations (within a 15°N-65°N and 180°-60°W domain) between the regressed geopotential height patterns and the observed PNA/TNH pattern shown in Figure 10 . The obtained pattern correlations are shown in Figures 12 and 13 . In these two figures, we display the correlations from the model that produces the most realistic U.S. winter response to the EP El Niño or CP El Niño to the model that produces the least realistic simulation of the U.S. winter response pattern. Figure 12 shows that the observed geopotential height response to the EP El Niño has a larger correlation with the TNH pattern than with the PNA pattern. Therefore, the atmospheric wave train excited by the EP El Niño in the observation resembles the negative phase of the TNH. Almost all (28 out of 30) the CMIP5 models correctly produce a negative pattern Figure 13 . Same as Figure 12 but for the CP El Niño. Figure 10) , calculated for the CMIP5 models and the observations. The multimodel means (blue) are also shown. The bars are shown ordered from the model that produces the highest pattern correlation between the observed and modeled U.S. winter air temperature regression pattern to the model that produces the lowest pattern correlation. The correspondence between the letter codes and the names of the models can be found in Table 1 .
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correlation with the TNH during their EP El Niño with the absolute value of the multimodel mean being close to 0.6, which is consistent with the fact that a majority of the CMIP5 models produce a realistic U.S. winter temperature response to the EP El Niño. The pattern correlations with the PNA are in general smaller than the pattern correlations with the TNH. The multimodel mean of the pattern correlation with the PNA is about 0.2.
As for the CP El Niño (Figure 13 ), the observed pattern correlation for the regressed geopotential height anomalies is larger with the PNA than with the TNH. As mentioned above, not all of the CMIP5 models are able to realistically produce the U.S. winter response to the CP El Niño. It is interesting to note from Figure 13 that most (all but two) of the models correctly produce positive pattern correlation values with the PNA, with a multimodel mean of 0.5. However, the observed negative pattern correlation with the TNH is reproduced primarily by the models that produce more realistic simulations of the U.S. winter temperature response pattern to the CP El Niño (e.g., the leftmost 13 models in Figure 13a ). Among the rightmost 17 models in Figure 13a that produce less realistic simulations of the U.S. winter response to the CP El Niño, 11 of them produce positive pattern correlations with the TNH. For those models, the opposite TNH pattern becomes so large that it overwhelms the PNA pattern, degrading the model's performance in simulating the U.S. response to the CP El Niño. With an incorrect positive phase of the TNH, negative geopotential height anomalies are produced over a large part of the U.S. that cancel out or even overcome the positive anomalies associated with the positive phase of the PNA. This is the case for CESM1-WACCM (Whole Atmosphere Community Climate Model), for example (see Figure 4 ). Figure 13 therefore indicates that it is the erroneous simulation of the TNH in the model atmosphere that prevents a number of CMIP5 models from correctly simulating the U.S. winter temperature response to the CP El Niño.
Conclusions and Discussions
Using preindustrial simulations produced by 30 CMIP5 models, we examined the relationships among El Niño SST forcing, OLR responses, atmospheric wave responses, and the U.S. winter air temperature patterns for the two types of El Niño. Our primary conclusion is that the CMIP5 models are more capable of simulating the U.S. winter temperature response to the EP El Niño than the response to the CP El Niño. This difference in model performance is shown to be related to differences in the spatial pattern of OLR anomalies induced by the two types of El Niño in the equatorial Pacific, as well as the differences in the atmospheric sensitivity to the locations of the OLR anomalies. The OLR response to the EP El Niño is shown to have a basin-wide structure, while the response to the CP El Niño tends to be confined in its longitudinal extent and to be located to the west of the associated SST anomalies. This local nature of the OLR response during the CP El Niño makes the model atmosphere sensitive to the exact location of the SST (and therefore the OLR) anomalies simulated in the models. Also, the OLR anomalies induced by the CP El Niño are located more in the central-to-western Pacific, where the atmospheric response to tropical forcing is the most sensitive. Deep convection then transmits the El Niño influences to the continental U.S. by exciting planetary atmospheric wave trains. While most of the CMIP5 models realistically produce a negative phase of the TNH in response to the EP El Niño and a positive phase of the PNA in response to the CP El Niño (i.e., 26 out of the 30 models, according to Figures 12a and 13b) , many CMIP5 models also erroneously produce an incorrect phase of the TNH during CP El Niño events (i.e., 12 out of 30 models, according to Figure 13a ). The incorrect TNH response overpowers the correct PNA response in some models, leading to unrealistic simulations of the U.S. winter temperature response to the CP El Niño. A better understanding of the generation mechanisms of the TNH pattern and its sensitivity to tropical Pacific heating is required to improve the response to the CP El Niño in the CMIP5 models. Based on the fact that the TNH pattern is better simulated in the CMIP5 models during the EP El Niño (as shown in Figure 12a ) but not well simulated during the CP El Niño (as shown in Figure 13a ), it is plausible that the tropical OLR anomalies required to excite the TNH pattern may have to be of a basin-wide structure or have to be located more in the eastern-to-central Pacific. Further studies are needed.
It is also important to note that the El Niño teleconnection pattern and the wave train response can be affected by both the tropical forcing and the climatological state. This study focuses on linking the teleconnection and the wave train response to tropical SST forcing. A separate study is needed to link the teleconnections to differences in the climatological mean state.
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